Abstract: This study briefly summarizes the results of experimental tests performed on optimal designed Angelina™ steel beams. The objective of the investigation was to study the effect of hole geometry on the mode of failure and ultimate strength of such beams under loading conditions. For this purpose, six optimal designed angelina beams are tested in a self reacting frame to determine the ultimate load carrying capacities of these new generation web-expanded beams. The specimens were all fabricated from IPN beams and were expanded to almost 1.5 times the original depth. All specimens were fabricated from ASTM A-36 steel. The design methods for the specimens will be the harmony search algorithm and particle swarm method which are stochastic search techniques. The minimum weight is taken as the design objective while the design constraints are implemented from the SCI (Steel Construction Institute).
Introduction
Optimization, also known as mathematical programming, is the collection of mathematical principles and methods used for solving design problems in many disciplines, including engineering field. The subject grew from a realization that design problems in manifestly engineering disciplines have important mathematical elements in common. Because of this commonality, many engineering problems can be formulated and solved by using the unified set of ideas and methods that make up the field of structural optimization. Especially in steel industrial, it is possible to design the steel structures by selecting from the current profile lists with the lowest weight and with low cost via structural optimization used the stochastic methods [1] [2] [3] [4] [5] variables under the optimum design of these beams. The design criteria for these systems are based on the provisions of the BS 5950 specification (British Standard). Web-expanded beams; it is cut by CNC (Computer Numerical Control) method in the form of sinus curve depending on the geometry along the web of the steel I-section profile and is formed as a result of re-joining the obtained parts by welding. As a result of these operations shown in Figure 1 , the length of the beam, the cross-sectional coefficient and the moment of inertia increase, while the weight of the beam decreases compared to the initial state. As a result of the increasing height of the rafters because of welding of the upper and lower parts after cuting out along the web of the standart I-sections, the section modulus and the moment of inertia increase, as shown in Figure. 2.
Used Methods in Beam Optimization
In this study, two different stochastic optimization methot were used to develop algorithm to optimize geometry of Angelina ™ steel beams. As a result of these studies, algorithm that has capability of finding optimal dimension of sinusoidal web-expanded beams was prepared by using Harmony Search (HA) and Particle Swarm (PS) methods. This algorithm is compiled in the Windows environment by using the FORTRAN programming language. The analytical and design skills of the optimization algorithms are given below.
The solution can be produced according to British Standard (BS) specifications.
The optimum design can be achieved by considering the following specifications for the steel web-expanded beam 
Harmony Search Algorithm
The Harmony Search (HS) method, which is generated by Geem and Lee, is based on the concept that musical instruments must be tuned to obtain a common harmony before the orchestra begins to play a music composition (Lee and Geem 2004) . The adaptation of musical instruments in the play of an orchestra's work is likened to the global optimum of the optimization process. Most structural optimization methods need complex mathematical algorithms that need beginning information, and selection of initial values. These are important to ensure that the algorithm achieves convergence for global optimal value. HS algorithm does not need any complex mathematical algorithms and initial values are not necessary. In HS method, instead of search by increasing the degree, random search is performed. And thus, there is no need for differential information.
I -Initialization of harmony memory matrix: Firstly, harmony memory matrix ( H ) is generated randomly. This matrix represents a design population for the solution of a problem under consideration and incorporates a specified is generated. In the harmony memory consideration, each design variable is selected at random from either H or the entire discrete set. The probability that a design variable is selected from the harmony memory is controlled by a parameter called harmony memory considering rate (hmcr). To execute this probability, a random number (r i ) is generated between 0 and 1 for each variable (I i ). If (r i ) is smaller than or equal to (hmcr), the variable is chosen from harmony memory in which case it is assigned any value from the i th column of the H , representing the value set of variables in μ solutions of the matrix (Eq. 2). If r i ≤ hmcr, a random value is assigned to the variable from the entire discrete set.
If a design variable attains its value from harmony memory, it is checked whether this value should be pitch-adjusted or not (Equation 3). Pith adjustment simply means sampling the variable's one of the neighboring values, obtained by adding or subtracting one from its current value. Similar to (hmcr) parameter, it is operated with a probability known as pitch adjustment rate (par).
IV -Updating parameters: After selecting the new values for each design variable the objective function value is calculated for the new harmony vector. If this value is better than the worst harmony vector in the harmony matrix, it is then included in the matrix while the worst one is taken out of the matrix. The harmony memory matrix is then sorted in descending order by considering the objective function value.
V -Termination: Steps III and IV are repeated until the termination criterion which is the preselected maximum number of cycles (N cyc ) is reached. This number is selected large enough such that within this number of design cycles no further improvement is observed in the objective function.
Particle Swarm Method
Particle swarm optimizer (PSO) is based on the social behavior of animals such as fish schooling, insect swarming and birds flocking. This behavior is concerned with grouping by social forces that depend on both the memory of each individual as well as the knowledge gained by the swarm [8] . III -Updating the Particles' Best and the Global Best: A particle's best position (the best design with minimum objective function) thus far is referred to as particle's best and is stored separately for each particle in a vector B. On the other hand, the best feasible position located by any particle since the beginning of the process is called the global best position, and it is stored in a vector G. At the current iteration k, both the particles' bests and the global best are updated (Equation 7) .
IV -Updating a Particle's Velocity Vector: The velocity vector of each particle is updated considering the particle's current position, the particle's best position and global best position, as follows:
Where, r 1 and r 2 are random numbers between 0 and 1; w is the inertia of the particle which controls the exploration properties of the algorithm; and c 1 and c 2 are the trust parameters, indicating how much confidence the particle has in itself and in the swarm, respectively.
V -Updating a Particle's Position Vector: Next, the position vector of each particle is updated with the updated velocity vector (Equation 9), which is rounded to nearest integer value for discrete variables.
VI -Termination: The steps II through V are repeated in the same way for a predefined number of iterations 䁢 . In the optimal design of sinusoidal web-expanded steel beams, geometric constraints, which must provide some geometric and behavioral constraints, are shown in the following equations. The geometric constrainsrs are expressed below in terms of height values of web-opening (ܽ), the horizontal length of each sinusoidal curve (ܾ), the length of the flat portion of the opening (䁢), the initial heigh of the beam ( 䁛 ), and the final heigth of the beam ( 䁢香 ) at the end of the cutting and welding process.
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1,4 䁛 − 䁢香 ≤ 0 (13)
Behaviour Constrains of Web-expanded Beams
As a result of the experimental works carried out under vertical loads for web-expanded beams; different modes of collapse have been observed in the beam by depending on the geometry of the beam opening, the slenderness of beam, the loading type and the conditions of the lateral supports. Some behavior must be taken into account in order to avoid imperfections that may occur under load combinations of beams.
Seconder (Vierendeel) Bending Capacity:
In these beams, the elasticity capacity of the lower and upper parts under bending condition must be verified. 
Web-Buckling
As shown in Figure 4 , the maximum moment at intercection ( ܽ ) and resultant value ( ) should not exceed the maximum permissible moment ( ܽ ) and ( −ܽ䁢䁢 ) values (Equation 30).
Design Sample
It is assumed that the steel beam which is demonstrated in Figure 5 is decided to be a web-expanded beam in the form of a sinusoidal curve. In addition to its own weight, the beam is subjected to a four-point bending. are found by using these coefficients. The optimum design results of the web-expanded beam with sinusoidal opening using HS and PS method are given in Table 1 . In both stochastic search methods, the HS algorithm finds, as shown in Figure 6 , the IPE-SB300 beam with a weight of 225.1 kg after 10000 iterations using , and parameters as 30, 0.80 and 0.35 respectively for this beam. So, HS method is considered due to its weigher design. Figure 6 . Appearance of NPI_A_200, NPI_A_240 and NPI_A_300 Angelina ™ beams after cutting and post-welding
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Experimental studies of Angelina™ steel beam
Fabrication of Angelina™ steel beam in the labrotory
The I-section profile of the steel is formed by cutting in sinusoidal forms along the web of the profiles and the lower and upper parts are shifted and re-joined by welding (Figure 7) . Cutting process of the fabrication of web-expanded steel beams is performed by computer-based numerical control (CNC) method in order to obtain opening in the web of the I-section beam. 
Tests of Angelina™ Steel Beams
In the experimental part of research, the ultimate load carrying capacities of steel Angelina™ beams are tested in a self reacting frame. The tested Angelina™ beam specimens are designed by using HS optimization method as explained in the previous section. The beam spans are chosen to be 5 meters because of the fact that the Angelina™ steel beams are used to pass large spans which generally do not require column supports. Two repetitions were applied for each beam type. For this purpose, six in total web-expanded steel beam, NPI_A_200, NPI_A_240, and NPI_A_300
which have opeining in sinusoidal form, are optimally designed by using stochastic search methods ( Table 3) . The loading frame which are carried the tests out allows to perform bending tests has 1000 kN loading capacity. In this system, the load capacities and behaviors of the Angelina™ beams which are produced from web-expanding NPI 200, NPI 240 and NPI 300 profiles were investigated under three-points, four-points and distributed loads respectively.
Test
Loading Type Number of Test NPI_A_200 Three-point loading 2
NPI_A_240
Distributed loading 2 NPI_A_300 Four-point loading 2 Table 2 . Naming of the beams and loading types wich will be apply A load cell which have 1000 kN measurement capacity is installed to hydraulic piston. And, it is calibrated in order to read the load which is occurred during test with more sensitive values (Figure 8a) . The beam is placed on one of the endpoints as constant and the other one as unconstant platforms by taking care that it is not occurred an eccentric loading (Figure 8b-c) . 
Tests of NPI 200
Spans of all the test samples have been taken as 5 meters considering the passing potentials of the wide spans which do not have the middle column supports. In addition, tests were carried out on the beams in such a way that two tests for each design were carried out for the experimental purposes and the load carrying capacities were determined by averaging result of these two tests. In this context, 6 (six) different bending tests of Angelina™ beams are produced from web-expanding NPI 200, NPI 240 and NPI 300 profiles are tested. under three-points, four-points and distributed loads respectively.
Three-point loading condition of Angelina™ beams
The experimental setup in the loading frame with Angelina ™ steel beams under three-point loading is shown in Figure 11 . The hydraulic piston with 1000 kN capacity integrated in the loading frame acts from the exact center of the 5 meters clear span of the beam. 
NPI_A_200_TEST_1
The first sinusoidal beam which is detailed geometric and material properties in Figure 6 is tested under singular loads. As a result of the test, the load carrying capacity of the beam is measured as 73.58 kN. In this test, it is observed that the beam does not undergo any lateral displacement up to 70 kN but lateral displacement from the top of the beam is seen after this value (Figure 12 ).
Figure 12. NPI_A_200_Test_1; Lateral displacement condition under three-point loading
Relation between the maximum lateral displacement of the beam and the load carrying capacity of the test result is given in Figure 13 . As is seen, a significant lateral displacement is measured in the middle of the beam after the loading exceed to 70 kN. 
NPI_SB_200_TEST_2
The second Angelina ™ beam which is detailed geometric and material properties in Fig. 6 is tested under three-point loading. As a result of the test, the load carrying capacity of the beam is measured as 75.05 kN. In this test, it is observed that the beam does not undergo any lateral displacement up to 71.6 kN but lateral displacement from the top of the beam is seen after this value (Fig. 14) . 
Distributed loading condition of Angelina™ beams
The experimental setup in the loading frame with Angelina™ steel beams under three-point loading is shown in 
NPI_A_240_TEST_1
The first sinusoidal beam which is detailed geometric and material properties in Table 2 is tested under distributed loading. As a result of the test, the load carrying capacity of the beam is measured as 135.25 kN. In this test, web buckling and vierendial bending that occurs under the shear force around the web-opening at the top of the beam is observed after this value (Figure 18 ). 
NPI_A_240_TEST_2
The second sinusoidal beam which have same geometric and material properties with first one is tested under 
Results
In this study, optimum design problem of sinusoidal web-opening steel beams; profile section is solved under geometric and behavioral constraints using design variables such as the height of the web-opening which is formed in the beam, the horizontal length of each sinusoidal curve, the length of the flat part of the opening, the spacing between opening and the number of sinusoidal opening along the web of beam. In the optimization process, among stochastic search method, harmoniy search (HS) and particle Swarm (PS) algorithms are used in order to find minimum weight of the design problem. The design examples indicate that the HS method can achieve a minimum weight more efficiently and quickly in the optimum design of structures. Then, the ultimate load carrying capacities of optimally designed steel 
